Multimedia interfaces are examined and the nature of current input and output media identified. A number of design objectives for multimedia inteifaces are suggested -improving efficiency, learning and providing a stimulating problem-solving environment. The key problem of how to choose an appropriate medium for a particular interface situation is analysed and the concept of a signal-to-noise ratio for measuring media expressiveness is tentatively postulated. Some recent work in process control is then examined and the results interpreted from the signal-to-noise ratio viewpoint. These are then related to the concept of media expressiveness.
The meanings of all such disturbances depend partly upon the existence of 'common ground ' (Clarke, 1996) between the originators and those with whom they wish to communicate, and partly upon emergent meaning during the interaction. In process control situations we can assume a great deal of common ground since the same process is familiar to both designer and operator. There will, however, always be subtle differences. It is not uncommon for operators to be familiar with operational aspects of the system of which the designers are not aware. A second issue is that of relevance (Sperber and Wilson, 1986 (Grice, 1975) (Lieberman, 1996) . Indeed, one might argue that human-computer interaction is mainly concerned with the 'design of artefacts to provide new human problem-solving strengths in computer mediated domains' (Williams, 1997) . The representation of the artefact through the interface presents the problem-solving space, and supports navigation through this space to allow the user to achieve tasks. Daft and Lengel, 1986) .
'Expressiveness' has been used (Williams and Alty, 1998) (Crossman and Cookc, 1974) was used as the target application. The results have been re-analysed to illustrate the application of our media signal-to-noise idea. Some additional results on mental processing code, not reported in that paper, have also been used. The original paper is Alty et al (1993) , to which the reader is referred for more detailed information.
Crossman's water bath is a simulated hydraulic system (see Fig 2) . A bath contains water, the level of which can be altered by adding water through the in-valve (vim) (graphics, text, etc.) . When the measurements for completion time, actions and warning situations were compared for the inclusion (or exclusion) of sound, no significant differences were obtained as shown in Table 3 .
In every case the sound causes a worsening in the operative effectiveness at the interface. The time to complete the task increased, the number of actions increased and the number of warning situations entered also increased. This seems to be a very negative result for sound (or at least the way it was implemented here). However, the above results are averaged over many tasks of different complexity. Could there be an effect of sound related to the complexity of the operation being carried out?
Crossman's water bath has been the subject of extensive research. In particular Sanderson et cal (1989) carried out an extensive analysis of the experiment and characterised the control actions required to move from any particular state to a given goal state. The Figure 6 shows the results in a similar fashion to Fig 3. Once again, in this lec~~r~int~ goal activity, the difficult concepts seem to be not well assimilated and adversely affected by the inclusion of sound. So although sound appears to assist in e~iai~x~~~t goal activity at complex task levels, it appears to inhibit learning for inexperienced operators in l~a~~-~i~~g goal activities. This lack off usefulness of sound was also emphasised in subjects' attitudes to sound compared with speech. All subjects rated speech above sound on all measures though only 'Importance' actually achieved a significant result (p < 0.01).
Effect of mental processing code on the media signal-to-noise ratio Finally the performance of subjects in the graphical conditions compared with the textual conditions was examined. Received wisdom would imply that subjects ought to perform better on spatial tasks when presented with information in graphical form. The independent variable being examined here is mental processing code (Table 4 Fig 5) illustrates this point.
The trend is significant for the number of actions (p < 0.003) and approaches significance for warning situations ~ ~ 0.03). There is therefore an indication that the graphical interfaces are providing better information, in a more appropriate form, particularly In contrast to sound, the knowledge results (Fig 8) showed that the spatial coding resulted in improved comprehension for difficult concepts such as ~'c~a~~ and the ~~~~'lc~~~ (significant at the 1% level for Vout). Thus, in this case, the graphicai information contributes both to efficiency goal activity and to learning goal activity. (Williams, 1997; Williams and Alty, 1998) . We have previously suggested that the concept is connected with levels of abstraction following Stenning's work on the representation of Euler's circles (Stenning and Levy, 1988; Stenning and Oberlander, 1995) . The process of abstraction is concerned with the coalescing of domain states into larger chunks, thereby reducing the complexity of the search problem (Williams, 1997 
